Background: The loss of mobility during aging impacts independence and leads to further disability, morbidity, and reduced life expectancy. Our objective was to examine the feasibility and safety of conducting a randomized controlled trial of yoga for older adults at risk for mobility limitations. Methods: Sedentary older adults (n = 46; age 60-89) were recruited and randomized to either yoga or a health education comparison group. Yoga sessions (60-min) occurred 2x weekly, and 90-min health education sessions occurred weekly, for 10 weeks. The primary outcomes were recruitment rate, intervention attendance, and retention at assessments. Adverse event rates and participant satisfaction were also measured. Physical performance measures of gait, balance, and strength and self-report outcome measures were administered at baseline and 10-weeks. Results: Recruitment lasted 6 months. Retention of participants at the 10-week follow-up was high (89% -performance measures; 98% -self-report questionnaires). Attendance was good with 82% of yoga and 74% of health education participants attending at least 50% of the sessions. No serious adverse events were reported. Patient satisfaction with the interventions was high. The mean effect size for the physical performance measures was 0.35 with some over 0.50. The mean effect size for self-report outcome measures was 0.36.
Background
Maintaining independence is an important goal for most older adults [1] [2] [3] . Physical mobility, defined as the ability to walk safely and independently, [4] is one of the most important factors for maintaining functional independence. [5] Impaired mobility often leads to subsequent broader disability involving activities of daily living (ADLs), [5, 6] reduced quality of life (QOL), [7] and increased mortality. [8, 9] Researchers have identified a subgroup of older adults that are at greater risk for developing mobilityrelated disability [10, 11] . These older adults are more sedentary, walk more slowly, have decreased strength and balance but typically can still perform daily living activities. Behavioral interventions have been linked to improved mobility in older adults, [3, 12, 13] and mind-body interventions such as yoga may produce broader changes and impact multiple health outcomes simultaneously. Compared with some physical activity interventions, yoga may have more impact on balance, core strength, and upper body strength [14] . Yoga also includes deep breathing, relaxation, and focused attention which can improve sleep and have added mental health benefits [15, 16] . Features of yoga such as transportability, home practice, social interaction, and relaxation aspects may increase its appeal to older adults, providing an additional low-cost activity option.
Research on the benefits of yoga for improving mobility and balance in older adults is growing, but to date, few full-scale randomized controlled trials (RCT) have been conducted and published. A pilot RCT conducted in Australia that focused on improving balance and fall prevention in older adults demonstrated that a 12-week yoga program significantly improved balance and mobility measured by 4-m walk times [17] . A United Kingdom (UK)-based pilot study in which older adults were randomized to yoga or an education booklet found that yoga participants had greater improvements in quality of life and the chair-stand portion of the Short Physical Performance Battery (SPPB) [18] . A 2016 systematic review identified six studies measuring some aspect of mobility or balance and concluded that despite limited study quality, yoga likely improved mobility and balance [14] . Other systematic reviews on the benefits of yoga for improving anxiety/depression, [19] cardiovascular disease, [20] executive function [21] , and broader quality of life [22] in older adults all conclude that yoga is safe and likely has benefits, but larger highquality studies are needed. Thus, although many older adults already practice yoga, a more solid evidence-base is needed to identify specific benefits, target specific populations, and promote wider implementation.
Our objective was to conduct a pilot randomized controlled trial of yoga for inactive older adults at risk for further mobility disability. Our primary aim was to study the feasibility of conducting a yoga RCT with this population, including the acceptability and safety of a targeted yoga intervention and comparison intervention.
Methods

Design
Inactive older adults (n = 46) were randomized to either yoga or a parallel health education comparison group. Both interventions lasted 10 weeks. Study outcomes were assessed by blinded assessors using feasibility and acceptability metrics such as rates of recruitment, attendance, and attrition, along with adverse events and participant satisfaction ratings. Health outcomes were measured with physical performance measures and self-report questionnaires at baseline and at 10-weeks. The target sample size was 45-50 participants to study feasibility, resulting in two cohorts of approximately 22-25 per cohort. This was designed to provide 11-13 persons per yoga or health education group.
Recruitment
Participants were recruited between July and December 2013 using a variety of methods including flyers that were posted at community centers, libraries, cafes, and public posting boards. Participants of The Successful Aging Evaluation (SAGE) Study were notified about the study via mailings. Eligible University of California San Diego (UCSD) Family Medicine patients received recruitment e-mails through a voluntary feature of MyChart. Recruitment materials and study information were described in the monthly newsletter of the Stein Institute for Research on Aging, and on ResearchMatch, and NIH-funded research participation website..
Screening and enrollment criteria
Potential participants were pre-screened via telephone for age, inactivity, and "willingness to participate" criteria, and if eligible, scheduled for formal screening. Potential participants provided informed consent before they completed the SPPB [11] . Inclusion criteria were selected to follow standards developed in previous multi-site clinical trials [12, 13] and include: a) age 60-89 years; b) self-reported sedentary lifestyle (Have you exercised in the past 3 months?; this includes walking at a brisk pace or regular walking for exercise purposes. If Yes, approximately how many times? (ineligible if they report more than 3 times in 3 months); c) SPPB summary score > 3 and ≤ 8; d) willingness to attend either yoga or health education for 10 weeks; e) willing to complete two assessments; f) residence in San Diego metropolitan area; g) provided a physician-signed health clearance form. Exclusion criteria: a) practiced yoga >2x in the last year; b) life expectancy < 12 months.
Baseline assessment and randomization
Eligible participants were scheduled for screening, and informed consent in January 2014. If eligible and consented, they completed a baseline assessment and were randomly assigned to either the yoga or health education interventions by the project coordinator using a computer program (1:1 ratio, blocks of 10 to balance groups). Follow-up assessments were conducted in April and May 2014.
Yoga intervention
The yoga intervention consisted of 2x weekly 60-min sessions for 10 weeks. Sessions occurred at a community yoga studio with access to parking and public transportation. Group sessions (2 cohorts of 10-12 participants each) were led by a certified, experienced (5 years) instructor who underwent 30 h of additional yoga training focused on working with seniors through Silver Age Yoga (http:// www.silverageyoga.org/index2.htm). The yoga intervention was based on Silver Age Yoga programs with adaptations for research by study investigators, and is based on principles of Iyengar yoga with modifications to accommodate all levels of ability.
The yoga sessions began with an instructor-led breathing practice. The instructor then led participants through yoga poses at a slow but gradually increasing pace, with chairs used as props when needed. Meditation and breathing were followed by chair poses (15) (16) (17) (18) (19) (20) 
Health education intervention
The health education comparison intervention consisted of weekly, 90-min health information workshops conducted in group format. The intervention was held at a university medical center, with access to public transportation and reimbursed parking. The sessions consisted of a 60-min lecture followed by 30 [12, 13] .
Retention and attendance
Attendance at yoga sessions and yoga home practice was emphasized by the instructor during yoga sessions. All participants were contacted by study staff if they missed more than one intervention session without explanation, and were contacted a few weeks before the post-assessment to validate contact information and schedule assessments. Additional reminder e-mails or letters were provided preceding all assessments.
Measures
Feasibility and acceptability measures including recruitment rates, attendance, attrition, and adverse events were tracked by study staff. Attendance of intervention sessions was tracked by a sign-in sheet verified by the coordinator or instructor each week. Yoga practice outside of instru ctor-led sessions was tracked using weekly home practice logs. Participants indicated which days, the duration, and estimated physical exertion level (low, medium, or high) for each practice. Assessments at baseline and at the end of the intervention consisted of self-report questionnaires that took 30-40 min to complete, followed by physical performance testing administered by trained assessors lasting 40-50 min. Assessors were blinded to intervention condition and participants were reminded to avoid disclosing their intervention assignment to assessors. Participants received a $30 gift card for completing each assessment.
Safety monitoring and adverse events
Intervention safety and adverse events were assessed each week in both intervention groups via an adverse event log. Participants that missed more than one intervention session without explanation were contacted by phone to encourage future attendance and assess adverse events.
Mobility functioning measures
Mobility, was measured with the Short Physical Performance Battery (SPPB) [11] . The SPPB measures time to walk four meters; time to complete five chair-stands; and balance, with higher scores being associated with decreased disability [10, 11] . The balance assessment consists of 3 separate tests of a participant's ability to maintain balance for up to 10 s with feet side by side, semi-tandem (one heel next to big toe of other foot) and full tandem (heel to toe). The measure has established psychometric properties [23] [24] [25] and has been used in a number of large clinical trials with older adults [12, 13, 26] .
Gait and Balance were assessed using the Limits of Stability (LOS) test [27] , the Sensory Organization Test (SOT), [28] , the Step Up and Over (SUO) test, and Rhythmic Weight Shift (RWS) test, and via the NeuroCom Smart EquiTest System (www.natus.com). All tests were administered by trained technicians at UCSD Exercise and Physical Activity Resource Center (EPARC) facilities. The LOS measures components of balance and stability related to reaction time, directional control, and the ability to make corrective movements. Reaction Time is a measure of how long it takes to initiate intentional movement toward the target during the two seconds prior to the cue-to-move, less time demonstrating greater responsiveness. Movement velocity indicates the speed of center of gravity (COG) displacement in degrees per second, with higher values signifying quicker movement through the region of stability. The remaining LOS metrics are represented as percentages with values closer to 100 indicating a greater cone of stability and neuromuscular integration.
The SOT assesses the sensory components of balance by measuring postural sway and predicts fall risk [28] . The sensory scores indicate the ability to maintain stability when isolating the visual, vestibular, and somatosensory systems. The preference ratio score indicates participant's ability to maintain balance in the presence of inaccurate visual cues, [29] relative to a state where all sensory systems remain unchallenged. Scores are represented as an inverse percentage from 0 to 100, with scores closer to 100 indicating greater stability.
The SUO measures gait quality [30] and predicts fall risk, particularly in navigating curbs or climbing and descending stairs. The Lift-Up Index quantifies the maximum lifting force exerted by the leading leg and is expressed as a percentage of the individual's weight as measured by the force plate, with scores closer to 100% demonstrating greater force. Movement Time, the time required to complete the entire maneuver, is represented in seconds. The Impact Index is a quantification of the maximum vertical impact force as the lagging leg lands on the surface, expressed as a percentage of body weight. Both the Movement Time and Impact Index indicate greater performance with smaller values.
The RWS measures participant ability to rhythmically move between two targets at different speeds [31] . The RWS measures On-Axis Velocity and Directional Control both left to right and forward and backward. The On-Axis Velocity is the speed of the COG displacement in degrees per second during on-axis movement between the test target(s), with greater velocity indicating faster movement through the region of stability. Directional Control measures the degree to which the test subject moves their COG directly toward the target and compares the amount of on-axis movement relative to off-axis movement. It is expressed as a percentage with values closer to 100 indicating more direct movement.
Grip Strength was assessed with a hydraulic grip strength dynamometer [32] . The average of two trials for both the left and right hand were used. Predictive validity of hand grip strength has been shown previously for both disability and mortality [32] .
Self-report questionnaires
Sociodemographic characteristics and comorbidities were assessed with a short questionnaire. Comorbidity questions focused on common medical conditions (10 physical and 2 mental) and the item counts were summed to form a comorbidity index. Health-Related Quality of Life was measured with the SF-36 [33] . The measure provides subscales for 8 different domains of HRQOL and summary scores for physical and mental health. Depression was assessed using the 10-item Center for Epidemiologic Studies Short Depression Scale (range 0-30) [34] . Anxiety was assessed using the Brief Anxiety Inventory, a 21-item measure (range 0-63) with established reliability [35] /validity [36] . Sleep quality was measured using the 21-item Pittsburgh Sleep Quality Index (range 0-21) [37] . Participant Satisfaction was rated on a 0-10 scale (0 -no satisfaction, 5 -some or medium, 10 = most positive) using five questions about enjoyment with and benefits of participation, instructor quality, getting to know others, and feeling a common bond with others.
Statistical analysis
Feasibility outcomes for the two experimental groups such as attendance and attrition were examined using independent sample t-tests. However, the study was not adequately powered to evaluate hypotheses about group differences. The main goal was to assess the feasibility and acceptability of yoga for preventing mobility problems in older adults. Demographic factors related to attendance and attrition were explored with Pearson correlations and independent sample t-tests. Effect sizes between groups were calculated using Cohen [38] . To establish a minimum level of feasibility, safety, and intervention acceptance, the following criteria were identified: Recruitment: Ability to recruit 6 participants per month, or at least 50 participants within 10 months, based on the 12-month planned timeline. Attendance: Mean attendance of 50% of intervention sessions based on data indicating that 9-12 classes produced clinical improvement in a previous study [39] Attrition: Retention of 80% or greater at post-intervention assessment based on published guidelines [40] . Satisfaction: Ratings of 6/10 on three main questions (participation enjoyment, perceived benefit, instructor quality) were deemed minimally acceptable to ensure that on average, participants rated the interventions somewhat favorably. Safety: No more than one serious adverse event attributable to either intervention (used in previous study) [41] .
Results
A total of 371 people inquired about study participation over the course of six months. (See Fig. 1 ) After an initial phone pre-screening, 259 were not eligible or declined further screening. The most common reason for ineligibility was recent regular exercise. The remaining 112 individuals were scheduled for a formal screening, at which 63 were found to be ineligible, primarily because they had an SBBP score of 9 or higher. Of the 49 eligible participants, 46 attended a baseline assessment and were randomized to yoga (n = 22) or health education (n = 24). Self-report questionnaires at the follow-up assessment were completed by 98% (45/46) of participants enrolled, and the physical performance assessment was completed by 89% (41/46) of participants. Participant characteristics are presented in Table 1 . When compared to data on all older adults in the recruitment area, non-White minorities were slightly underrepresented in our study (18% vs. 32%) [42] . Gender and education levels were representative of the population.
Among the 371 potential participants who expressed interest in the study, the top five recruitment modalities were as follows: UCSD -MyChart (n = 175 47%); SAGE Study letter (n = 55, 15%); flyers in the community (n = 51, 14%); Research Match (n = 22, 6%); and SIRA newsletter (n = 21, 6%). Recruitment modalities for the 46 participants who enrolled in the study were MyChart (n = 13, 28%); flyers (n = 12, 26%); SAGE Letter (n = 10, 22%); Stein Newsletter (n = 5, 11%); Research Match (n = 2, 4%); and "word of mouth" or Other (n = 4, 9%).The mean number of yoga sessions attended was 14.1 of 20 (71%) sessions which was slightly higher than the mean attendance of 6.0 out of 10 (60%) sessions for health education. When comparing the proportion of participants in each group attending at least half (50%) of the intervention sessions, 82% (18/22) of yoga participants attended at least half of the yoga sessions while 74% (17/23) of the health education participants attended at least half of the health education sessions. Overall attendance was significantly correlated with age (r = −.30; p = 0.045) suggesting that older age was associated with reduced attendance in both interventions. Attendance was not associated with gender or baseline functioning.
Of the 22 yoga participants, 20 participants (91%) submitted at least one home practice log. The mean number of logs submitted was 8.2 out of 10 (82%). Counting logs not submitted as 0 home practice, participants reported a mean of 3.3 days (sd = 2.0) of home practice totaling a mean of 49 min per week (sd = 42).
No serious adverse events were reported by participants in the study. A total of 22 non-serious adverse events were reported (13 -yoga; 9 -health education). Of the 13 adverse events reported by yoga participants, 6 were considered yoga-related (sore neck [2] , arthritis, knee pain, shoulder pain, back pain). In the program satisfaction evaluation, participants rated both interventions very highly, with ratings on a variety of program dimensions presented in Fig. 2 . Ratings of instructor quality, satisfaction, and benefits of participation were all high. Social aspects were not a target of the intervention and had moderate ratings on average. Instructor quality and getting to know others was rated significantly higher among yoga participants.
As shown in Table 2 , yoga participants tended to have a greater improvement in chair stands on the SPPB than the Health Education participants (Cohen's d = 0.56; 95% C% -0.08 to 1.15). Yoga participants had notably greater improvements than the Health Education participants on five mobility function variables relating to mechanisms of gait and balance (absolute effect size range = 0.38-0.70). The effect size across all physical performance variables was a mean of 0.35, with some exceeding a "moderate" effect size of 0.50. Total grip strength was also better maintained among yoga participants. The mean effect size on self-reported questionnaires of quality of life, mental health, and sleep, was similar (0.36) with improvement favoring the yoga group on all variables (See Table 3 ). Effects sizes were greater than 0.40 for physical function, social function, emotional-role function, general health, mental health, depression, and anxiety.
Discussion
The results of our pilot randomized controlled trial indicate that it is feasible to conduct an RCT of yoga and health education among sedentary older adults at risk for mobility problems using the protocol described above. Despite limited funding, we generally met our recruitment goals and retained 90% of participants at the follow-up assessment. The interventions were well-attended although participants appeared to slightly favor yoga over health education on some intervention dimensions. The yoga and comparison interventions appear safe, with only minimal adverse events being reported. Study recruitment was more challenging than expected. Although the recruitment methods employed generated 371 potential participants in approximately 6 months, only 49 (13%) met eligibility criteria and 46 enrolled in the study. The main finding was that despite study recruitment materials stating up-front that sedentary older adults were sought, many active older adults inquired because they were interested. Less often, older adults who were sedentary but lived 30-50 miles away inquired in hopes that interventions could be delivered at more distant locations. These factors appear likely to occur in a larger subsequent study, but can be addressed with adequate study funding.
Health outcome data suggest that the yoga group showed more improvement or better maintenance of function on most indicators of mobility including time to stand up from a chair, grip strength, and most performance measures related to gait and balance. These measures are strong indicators of fall risk, [28, [43] [44] [45] and are important for maintaining mobility and independence. Self-report measures including health-related quality of life (SF-36) and some mental health measures showed milder but similar effect sizes favoring yoga participants. However, given the limited sample size, the study was not powered to make conclusions about the superiority of yoga for improving health outcomes, and most of the effect size confidence A recently published pilot study that randomized older adults to yoga or an informational control group found similar results [18] . Our results confirm their finding that yoga participants had greater improvements on the chair-stand portion of the SPPB. They also found greater improvements in quality of life among yoga participants. However, it is important to note that their control group only received an educational booklet. Methodological research suggests that using an inactive control intervention such as an educational booklet tends to enhance the chances of finding significant differences over time between groups [46] but some of this effect may result from non-intervention-specific factors. The "active control" intervention in our current study involved ten 90-min intervention sessions including lecture and discussion in a supportive environment with peers. Another important way in which our current study can be differentiated from this prior study was the extensive battery of additional physical performance testing. The use of a stronger control intervention and in-depth physical performance testing was chosen to provide a rigorous test of feasibility for conducting a high-quality, impactful full-scale RCT.
Despite high rates of participant retention comparable to those in a recent high-quality pilot RCT of yoga, [47] fewer participants completed the physical performance battery than the self-reported questionnaires (41 versus 45) . This suggests that the burden of the performance measures could possibly be reduced or extra care given to support older participants with this assessment. Thus, planning efforts for a full-scale trial will move to recently developed and acquired gait and balance tests with lower burden. The adverse events experienced were minor. Generalized soreness, including muscle aches and/or mild joint pain in the yoga group was expected, and coincides with findings from other large physical activity trials conducted with older participants [12, 13] . Thus, our preliminary data suggest that instructed yoga sessions and recommended home practice does not appear to pose any more risk than walking in older adults, but these findings should be confirmed in a larger trial.
Patient satisfaction was high in both groups which suggests that the yoga was acceptable and likely to be maintained. Many participants inquired about how and where they could attend other yoga classes after the intervention ended. Some were seeking a low-cost option or free classes while others simply wanted referral to a similar class. The health education sessions were also well attended. Satisfaction ratings slightly favored the yoga group in terms of rating the quality of the instructor and getting to know other people. Instructor ratings were very high in both interventions, with the yoga instructor being rated 9.9. Ratings this high are not necessarily needed nor expected, a future full-scale study should plan to use multiple instructors, and plan for some variability in fidelity, and satisfaction ratings. It is also interesting that participants doing yoga reported that they got to know each other better despite possibly equal or even greater chances to talk and interact during discussion sessions after health education presentations.
Finally, although few conclusions can be made about the differences on health outcomes between groups and the effect sizes found, it was surprising that health education participants reported a sizable improvement on the SPPB after just 10 weeks, and yet reported worse outcomes on many SF36 variables including physical function. It is possible that some lecturers may have provided health behavior motivation in addition to health information during lectures. This suggests that investigators should attend to content in the comparison intervention and should carefully balance delivering an interesting intervention that is well received but does directly change health behaviors that will affect outcomes. It is also possible that some of the increase on outcomes may be attributable to participants remembering test procedures and/or feeling more comfortable during testing.
In addition, some health improvements in the yoga group seemed milder than expected, and many of the 95% confidence intervals were wide and included 0. This may have been due to the emphasis on safety, with all participants practicing yoga while seated in a chair in the early sessions. Not surprisingly, SPPB chair stands was an area where yoga participants clearly improved. Thus, when combined with participant comments in the program evaluation, we believe a longer intervention period is warranted. Participants were disappointed the intervention ended "so quickly", and an intervention closer to 26 weeks (6 months) long would allow for better elucidation of potential changes in key health metrics in sedentary older participants, particularly those related to mobility, gait, and balance. It is possible that longer interventions are necessary to produce significant change in older participants, with other large studies following this approach [13, 48, 49] .
One measure that produced unexpected results was the RWS directional control variable, which indicated larger increases on-axis stability among health education participants. However, the importance of this is unclear. It is possible that yoga participants were less concerned about falling, and thus made less effort to avoid off-axis movement.
The study has a number of limitations. As a feasibility trial with limited funding, the sample size was designed to adequately assess feasibility and not the efficacy or effectiveness of the intervention. The study was conducted at a single site in Southern California, and the two yoga intervention cohorts were led by a single yoga instructor. It is possible that the feasibility and acceptance results may not generalize to other geographical locations, or to other yoga instructors. The frequency of intervention sessions differed between the groups, with yoga sessions being offered twice weekly and the long health education group meeting once per week. Thus, simply getting to the intervention more often could mean more activity for the yoga group. The degree to which study participants did each yoga pose and complied with guidance from the yoga instructor was not measured, limiting objective statements about the intensity of yoga actually practiced. In addition, the study was retrospectively registered with Clinicaltrials.gov.
Conclusion
A yoga intervention designed to prevent mobility limitations among sedentary older adults was safe and well received by participants. Recruitment, retention, and intervention adherence rates from the pilot RCT indicate that it is feasible to conduct a larger full-scale RCT to study the health benefits of this yoga intervention. The effect sizes found for various physical performance and health outcomes warrant further study. There are also indications that a longer intervention may be beneficial.
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